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IN THE DETERMINATION OF THE DEGREE OF THEIR GEOEFFECTIVENESS *

Geomagnetizm i Aeronomiya bf I.A.,Zhulin
Tom 6, No.2, 375-6,
Izdatel'stvo "NAUKA", 1966.

ABSTRACT

The influence of the magnetic fields of solar corpuscular streams
on the character of streams' interaction with the Earth's magnetosphere was
discussed in the work (1] (ST -PF-GM- 10494). Particular attention was
then given the question of the impossibility of stream's magnetic field pe-
netration inside the magnetosphere and of the requirement of magnetohydrody-
namic treatment of the theory of geomagnetic disturbances.

The intermediate role of stream's magnetic field in the interaction
with the magnetosphere of the incident plasma was then brought forth as one
of the po:=sible mechanisms determining the geoeffectiveness of corpuscular
streams., This note constitutes a complement to [1], somewhat concretizing
the indicated case.

It is well known that in a series of cases the sharp variation in
the solar plasma pressure upon the magnetosphere, while leading to the emer-
gence of sudden commencement or sudden impulse in the geomagnetic field,
still does not determine the subsequent development of the storm ([2], Figs
2 and 3), and thus cannot serve as a parameter, unilaterally determining the
geomagnetic activity. At the same time, comparison of the results of direct
measurenents of solar wind velocity Vy on Mariner-2 with the general pla-
netary Kp- index, ascertained the presence of proportionality between thes

two quantities (Kp ~ Ve ) [31.

* O POSREDNICHESKOY ROLI MAGHITNYKH POLEY SOLNECHNYKH KORPUSKULYARNYKH. . .
POTOKOV V OPREDELENII STEPENI IKH GEOEFFEKTIVNOSTI.



Without denying the necessity of pursuing search for mechanisms ex-
plaining the above experimental facts, one may attempt to give them an inter-
pretation, basing oneself upon the case of the intervening role of the magnetic
field of a corpuscular stream in the determination of the degree of geoeffect-

iveness of the latter.

The orientation of the axial line of the Earth's magnetosphere is de-
termined By the plasma flow, radial relative to the Sun and not varying with
the plasma flow velocity (Figl ). Thus the geomagnetic field in the magneto-
sphere train is practically always radial relative to the Sun, coinciding
with the line Sun~ Earth, It should be noted that the action of magnetic
flux's pressure may lead to the deflection of the axial line of the magneto-
sphere from the direction of solar plasma
incidence by no more than 6 — 20° [4],

At the same time, the average di-
rection of the magnetic field of the s.c.s.
in the region of the Earth depends essen-
tially on the velocity of the plasma flow
(@, = 20° for V= 1000km/sec, apn55°
for va ~~ 300 km/sec; see Figure 1). Such

Fig.1l

a variation of the mutual orientation of
the geomagnetic field and of the magnetic
field of the s.c.s. may serve as one of the possible causes of variation

in the degree of stream's geoeffectiveness,

Indeed, the surface of the magnetosphere may be viewed as the surface
of the Kelvin- Helmholtz magnetohydrodynanic break, separating the Earth's
magnetosphere from the flow of solar plasma with its proper magnetic field.
Such break surface is found to be unsteady [5], if the value of the tangen-
tial component of the relative motion velocity of two media, V,,is comprised

within a certain range of values

Vupj:.cr. >vt >Vlow.cr.,

the upper value of the critical velocity vhpp cp, being then less than the

unperturbed piasma flow velocity V..



Besides, and this is of particular importance, the instability para-
meter happens to be the value of the angle between the magnetic fields in
the two considered media. The closer the fields in the two media to being
parallel (or antiparallel), the nearer the surface of the break is to the
instablity (the remaining conditions being equal).

In connection with the above considerations, a greater value of the
angle o, >« , see Fig.1l) between the radial magnetic field in the magne-
tosphere train relative to the Sun,and the component of the magnetic field
of the solar corpuscular stream,will lead to greater stability of the sur-
f2 <

<:'Vf1, see Fig.1l), and thereby to lesser disturbance of the geomagnetic

face of the magentosthere train for a lesser value of flow velocity (F

field. To the contrary, other conditions being equal, at greater flow ve-
locity the surface of the magnetosphere train is found to be nearer
instability, which is attended by a great disturbance of the geomagnetic
field, thus explaining the proportionality va~fo,obtained in [3].
Obviously, for instability onset, the above limiting condition relative

to the value of the tangential component of the flow velocity must be ful-
filled. In this regard, the sufficiently slow increase in the directed
plasma flow velocity beyond the magnetosphere boundary at passing from day-
time to nighttime, revealed during measurements in AES IMP-2 [6], is found

to be more favorable for our interpretation.

Nor do the measurements data of the magnetic field beyond the magne-
tosphere on AES IMP-1 [7] contradict the proposed interpretation. During
these measurements a long-lasting sector structure of the interplanetary
field in the vicinity of the Barth was detected (within the bounds of each
sector, traversed by the Earth in the course of approximately 7.5 days, the
magnetic field component in the ecliptic plane maintains, as an average,
its direction either to the Sun or from the Sun). The small difference in
the levels of geomagnetic disturbance during the periods when the Earth's
magnetosphere was inside the sectors with different direction of the inter-
planetary field ( mostly towérd the Sun and from the Sun), corresponds to the
small difference of cases of parallel and antiparallel states of the fields

in relation to boundary surface instability (see [7], Fig.4).




Let us note the possibility of utilizing the data of the work [7]
for a fuller understanding of the possible physical transfer mechanisms
from closed to open Earth's magnetosphere. 1In accord with the Dangy ideas,
such a transition, attended by the development of inner motions in the magne-
topshere, corresponds to the arrival of a magnetic field, perpendicular to
the ecliptic plane and directed toward the South pole (see [8], Fig. 3).
According to measurement data on IMP-1, the magnetic field component in a
plane perﬁendicular to the ecliptic plane beyond the magnetosphere is mainly
(that is, in 66% of cases) directed toward the south ( transition to open
masnetosphere possible), However, in a series of cases this field component
beyond the magnetosphere was directed toward the north (transition to open
magnetosphere forbidden). Comparison of curves, similar to those plotted
in Fig. 4 of [7], but corresponding to two directions (to the north and
south) of the field component, perpendicular to the ecliptic plane, would
allow to judge more specifically about the possibility of the given transi-
tion, extremely important for the geoeffectiveness of solar corpuscular

streams.
The author is grateful to E, I. Mogilevskiy for discussing the
results of the present work.

*xx T HE END T H%

IZMIRAN Manuscript received
on 31 July 1965,

Contract No.NAS-5-.9299 Translated by ANDRE L. BRICHANT
ConsulFants and.De§igners, Inc, on k-5 June 1966
Arlington, Virginia

REFERENCES

(1].- I,A,ZHULIN, - Geomagnetizm i Aeronomiya, 6, 2, 197, 1966.
(ST - PF - GM - 10 49L4)

[2].- S,I, AKASOFU,- Plan. Space Sci., 12, No., 9, 801 , 1964,

(3].- C,W,SNYDER, M. NEUGEBAUER, U. R.RAO, J.Geophys. Res., 68,2k, 6361,1963
(5].,- A.K,SEN,-Plan. Space Sci., 13, No.2,131, 1965,

(4).- G,K,WALTERS,.,~ J., Geophys. Res., 69, No.9,1769, 1964,

oo/ X



| ST -PF-GM-10497 [6 pp, 60cc ] 5.

Re ferences continued

t6l,- J, WOLF, R, SILVA, M, MYERS.~- Preliminary results from the Ames Res.
Center plasma probe observations of the solar wind
geomagnetic field interaction region on IMP-II and
0GO-1, 1965 (Preprint).

{7].- N, F.NESS, J, WILCOX.- Sector structure of the quiet interplanetary
field, X-612-65-67,1965 (Preprint)

(8).- R, H,LEVY, H,E, PETSCHEK, G.L, SISCOE.- AIAA J.2, No.12, 2065, 1964,

DISTRIBUTION

GODDARD SPACE F.C.

NASA HOS OTHER CENTERS
100 CLARK, TOWNSEND SS  NEWELL, NAUGLE AMES R C
110 STROUD SG  MITCHELL
L00  BOURDEAU SCHARDT SONETT  (3)
201 fégénm DUBIN LIBRARY
10 MERE SL  TELLOVS
ABRAHAM - HOROVITZ 160  ADAMSON
DAVIS WILLIAMSON SM FOSTER 185 WEATHERV/AX
HOFFMAN KONRADI GILL
EVANS WILLIAMS RR KURZWEG y—'I-.QE-A-
BOII;?E I}lﬂs(gs RTR NEILL VAN ALLEN
SERLEMIT SS « T . .
TEEGARDEN e SHEET U, EERKELEY
612 HEPPNER WILCOX
NESS
SCEARCE SKILLMAN UCLA
613 KUPPERIAN COLEMAN
HALL AM
614  WHITE SWCAS
; FROUi'II; JOHNSON
15 BAUE
SERBU JEL
HERMAN GOGLDBERG SNYDER
MAIER STONE NEUGEBAUER
640 HESS WYCKOFF
MEAD 641 STERN
NAKADA 630 GI for SS (3)
NORTHROP 252 LIBRARY
SPEISER

256 FREAS



